Traditional RF oscillators cannof meet all requirements of photonic RF systems. Because photonic systems contain RF signals in both optical and electrical domains, an ideal oscillator for the photonic systems should be able to generate directly electrical signals, as well as signals as the optical subcarrier. In addition, it should be possible to synchronize and conml the frequency of oscillations by both electrical and optical references or signals.
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In this paper we will rejxnt on the development of a novel photonic oscillator* that meets the special requirements for the photonic RF systems. The basis of this oscillator entail detection of light from one of the output ports of the WO modulator which is subsequently amplified, filtered, and fed back to the electrical input port of the modulator, as shown in Fig. la. If the modulator is properly biased and the open loop gain of the feedback loop is properly chosen, self electro-optic oscillation will be sustained. Because both optical and electrical processes are involved in the oscillation, both the optical subcarrier and the electrical signal will be generated simultaneously. Note that this ring oscillator is inherently unidirectional, immune to the back reflections in the loop, and therefore generically stable.
The photonic oscillator can be represented by a simple functional block diagram shown in Fig. 1 b. It is a six-port device, with optical and electrical injection ports, optical and electrical output ports, and two voltage controlling ports. One of the controlling ports is simply the bias port of the WO modulator and the other one is connected to a fiber stretcher for controlling the loop length. The two injection ports can be used to injection-lock the photonic oscillator to a reference source either optically or electrically. The two output ports provide outputs with an RF carrier in both optical and electrical domains. Finally, the two controlling ports CM be used to tune the oscillation fnquency to make the photonic oscillator a voltage controlled oscillator (VCO). The six ports collcctively make interfacing the oscillator and a photonic RF system quite simple.
We have built several such photonic oscillators using different modulators and generated optical subcarriers as high as 9.2 GHz, using a diode pumped YAG laser at 1310 nm. In principle, the photonic oscillator is capable of generating stable signals at frequencies up to 70 GHz (limited by the speed of WO modulator and photoreceiver). We have demonstrated that the photonic oscillator is a special voltage controlled oscillator (VCO) with both optical and electrical output, and can be used to make phase locked loops (PU) and perform all functions of a PLL for photonic systems. It can also be phase-locked to a remote reference through optical injection2 and thus is useful for high frequency reference regeneration and distribution. We have also demonstrated carrier recovery, clock recovery, high gain frequency multiplication, comb frequency and square wave generation using the photonic oscillator. By using self phase locked loop and self injection locking techniques we have developed, high stability photonic mm-wave carrier can be generated with the photonic oscillator. We anticipate that such photonic VCOs will be as important to photonic E W systems as electrical VCOs to electrical RF systems.
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